One of the most threatened ecosystems on many islands may be anchialine habitats, or coastal land-locked water bodies with no surface connection to the sea yet containing brackish water that fluctuates with the tides. To better manage these habitats, it is important to develop a broader understanding of the biodiversity within them since such knowledge plays critical roles in establishing conservation strategies. In this study, the genetic variation and population structure of an anchialine atyid shrimp, Caridina rubella Fujino and Shokita, 1975 was investigated in the Southern Ryukyu Archipelago, Japan. Given a planktotrophic larval stage and its potential amphidromous life cycle, populations of C. rubella on the island of Miyako-jima (to which it is apparently restricted) were hypothesized to have little to no structure across the island. To test this, 61 individuals were collected from four anchialine caves and sequence variation examined at the cytochrome c oxidase subunit I (COI) region of the mitochondrial DNA (mtDNA). Surprisingly, significant genetic structure was exhibited across distances ranging from <20 m to >10 km. Additionally, deep (∼17% p-distance) genetic divergence correlating with distinct variation in rostrum lengths was found between closely situated, but more-or-less completely isolated, populations. This implies "C. rubella" may actually represent two distinct species on Miyako-jima. Given that this atyid is already listed as a threatened species by the Japanese government, the results presented here are useful in the formulation and implementation of future conservation plans for populations of C. rubella on Miyako-jima.
INTRODUCTION
Global climate change, the introduction of invasive species, and habitat destruction have become significant threats to biodiversity around the world. This loss of biodiversity is occurring at such a rate that there is the potential risk of losing numerous ecosystems without knowing the full nature and extent of the biodiversity contained within them. One of the clearest demonstrations of ecosystem degradation by human impact can be seen on island systems, which intrinsically have much higher extinction rates than continental areas (Gerlach, 2008; Gillespie et al., 2008) . Given this, it is not surprising that nine of the Top 25 biodiversity 'hotspots' for conservation priorities are predominately, or completely, made up of islands (Myers et al., 2000) .
One of most threatened habitats on many tropical islands may be the anchialine ecosystem (Sket, 1996; Iliffe, 2002 Iliffe, , 2003 Santos, 2006) . Anchialine habitats are coastal landlocked bodies of water with no surface connection to the sea yet contain salt or brackish water that fluctuate with the tides due to subterranean connections to the ocean (Holthuis, 1973; Maciolek, 1983) . While such environments occur in * Corresponding author; weeseda@auburn.edu the Sinai Peninsula, Bermuda, the Caribbean, the Hawaiian Islands, the South Pacific, the Philippines, and the Ryukyus, only ∼1000 habitats fitting this ecosystem definition have been reported globally (Maciolek, 1986) . Unfortunately, many of these habitats have experienced significant negative impacts worldwide from a variety of anthropogenic sources such as habitat destruction, vandalism, and groundwater contamination (Iliffe, 2002 (Iliffe, , 2003 Santos, 2006) . This is alarming since despite the large number of organisms inhabiting anchialine environments, such as mollusks and crustaceans (Brock and Kam, 1987) , only a few of the ∼560 currently described species endemic to this ecosystem (Iliffe, 2002 ; ISI Web of Science search, January 2011) have been examined to date from a population genetic perspective. For some of these cases, little to no genetic structure was identified among populations separated by ∼200 km (Kano and Kase, 2004; Hunter et al., 2008; Russ et al., 2010) , implying frequent dispersal over long distances. In contrast, a number of other anchialine species have been found to possess exceptional levels of endemism on the scale of a few km (Santos, 2006; Craft et al., 2008; Hunter et al., 2008; Page et al., 2008) , presumably due to low dispersal abilities and/or significant barriers to dispersal. Thus, given the potential for strong regional endemism along with ongoing modification and destruction of anchialine habitats around the world, there is now an urgency to accelerate research into these unique island environments and their biota before they are possibly lost forever.
The islands of East Asia are among the richest in the world in terms of biodiversity (Meijaard, 2003) . Pertinent among the region's archipelagos, the Ryukyus are a continuous chain of islands situated between Japan's Kyushu Island and Taiwan. Decapod crustaceans dominate the anchialine biota of the Ryukyus, with at least eleven shrimp and crab species having been documented or formally described (Komai and Fujita, 2005; Cai and Shokita, 2006; Naruse and Tamura, 2006; Fujita, 2007; Fujita and Sunagawa, 2008) . Of these, the atyid shrimp, Caridina rubella Fujino and Shokita, 1975 (Decapoda: Atyidae) , is thought to have a disjunct distribution throughout the Indo-West Pacific, inhabiting anchialine pools and caves in the Philippines (Cai and Anker, 2004) , the Cook Islands (T. J. Page, personal communication, 2010) , Java in Indonesia (T. von Rintelen, personal communication, 2010) as well as the Ryukyus (Cai and Shokita, 2006) . In the Ryukyus, however, C. rubella has been reported from just four of the ∼55 islands in the archipelago: Okinoerabujima, Okinawa-jima, Minamidaito-jima, and Miyako-jima (Fujino and Shokita, 1975; Shokita and Nishijima, 1976) . This restricted distribution along with continued habitat loss has led to the listing of C. rubella as a threatened species by the Japanese Ministry of the Environment and Okinawa Prefectural Government (Fujita and Shokita, 2005; Shokita, 2006) . Given this situation, it is important to develop a better biological understanding of C. rubella in the Ryukyus since such information is vital for developing management plans to preserve the species and, by extension, the anchialine ecosystem of these islands. Here, the genetic variation, population structure and demography of C. rubella from Miyako-jima in the Southern Ryukyus were investigated via sequence analyses of mitochondrial DNA (mtDNA). Specifically, given that its larvae are planktotrophic and possessing a possible amphidromous life cycle (Shokita, 1979; Fujita, unpublished data) , both life history traits thought to be significant in facilitating population connectivity of anchialine taxa (Kano and Kase, 2004; Cook et al., 2006 Cook et al., , 2008 Craft et al., 2008; Russ et al., 2010) it is hypothesized that C. rubella populations are homogenized among anchialine habitats on the island due to marine and/or groundwater dispersal of larvae and/or adults.
MATERIAL AND METHODS
Biological Materials Between July and August 2009, ∼42 anchialine habitats were surveyed from nine islands (including Okinawa-jima, Minamidaito-jima, and Miyako-jima) belonging to the Okinawa, Miyako, and Yaeyama island groups of the Ryukyus (Fig. 1) . From these surveys, adult specimens of C. rubella were only found to inhabit anchialine habitats on Miyakojima. All sites surveyed were classic examples of anchialine habitats occurring within porous limestone basins, being located <0.95 km from the coast and showing tidal fluctuations with water depths, salinities, and surface areas ranging between 0.001-2 m, 1-15h, and ∼3->50 m 3 , respectively. Of these, the species was found at five of seven sites. Due to the close proximity (∼25 m) of two of these five habitats, only four were sampled for this study (Fig. 1) . However, at one locality (Ana Ga; ANA), samples were obtained from two ponds separated by <20 m (ANA1 and ANA2). Notably, individuals of C. rubella from ANA2 possessed noticeably longer rostrums relative to individuals from the other populations sampled on the island (see below). Given this, rostrum length, as measured from the end of the eye stock to the end of the rostrum, was recorded for all collected individuals. Unfortunately, due to damage following preservation and transport, only five out of the eight individuals collected from the ANA2 population could be measured for rostrum length. Between eight (8) and 16 individuals of C. rubella were collected from each population (Table 1) using baited traps or small aquarium nets and immediately preserved in 99% ethanol for genetic analyses.
DNA Extraction, Polymerase Chain Reaction (PCR) and Sequencing Total genomic DNA was extracted from each individual following procedures outlined in Santos (2006) and utilized as template to amplify a ∼670 base pair (bp) fragment of the mtDNA cytochrome c oxidase subunit I (COI) gene via the polymerase chain reaction (PCR). Reactions were carried out in 25 μL volumes containing ∼10-30 ng of template DNA, 10 mM Tris-HCl (pH 8.3), 50 mM KCl, 0.001% gelatin, 2.0 mM MgCl 2 , 200 μM of each deoxynucleotide triphosphate (i.e., dATP, dCTP, dGTP, and dTTP), 1 U Taq polymerase, and 0.4 μM each of primers LCO1490 and HCO2198 (Folmer et al., 1994) . Reactions were performed in a PTC-100 thermocycler (MJ Research, Watertown, MA, USA) following Santos (2006) and amplicons purified with Montage PCR Filter Units (Millipore, Billerica, MA, USA) according to the supplier's protocol. Purified amplicons were then cycle-sequenced in both directions using Big-Dye Terminators, and read on a PRISM 3100 Genetic Analyzer (Applied Biosystems, Foster City, CA, USA). Ambiguities in the chromatograms were corrected by comparison to the complementary DNA strand in Sequencher v4.7 (Gene Codes Corporation, Ann Arbor, MI, USA). Completed sequences of 630 bp were aligned manually using SE-AL version v2.0a11 (available at http://tree.bio.ed.ac.uk/ software/seal/).
Genetic Diversity and Parsimony Network Analyses
To assess the genetic diversity within each population of C. rubella, nucleotide (π) and haplotype (h) diversity indices were calculated according to the methods of Nei (1987) using DnaSP v5.10.00 (Rozas et al., 2009 ). The relationships among COI haplotypes of C. rubella were visualized via statistical parsimony networks constructed with TCS v1.21 (Clement, Posada and Crandall, 2000) . This program utilizes the cladogram estimation algorithm of Templeton et al. (1992) and was conducted using the default settings, which provide the 95% parsimoniously plausible branch connections between haplotypes. Reticulations in the network, representing ambiguous connections, were resolved using the criteria outlined in Crandall et al. (1994) . Table 1 and geographical coordinates of sampling sites are available from the corresponding author upon request.
Population Structure, Migration, and Demographic Analyses
To test for genetic differentiation between our populations, pairwise ST statistics (based on haplotype frequency and molecular divergence) were conducted with Arlequin v3.11 (Excoffier and Schneider, 2005 ). Hudson's (2000) nearestneighbor statistic (S nn ) was also calculated to test for genetic differentiation between populations using DnaSP. This statistic is a measure of how often the 'nearest neighbors' (in sequence space) are from the same locality and performs well in cases of low sample size (Hudson, 2000) . Statistical significance of the pairwise ST and S nn analyses were assessed with 10 000 and 1000 permutations in Arlequin and DnaSP, respectively. Arlequin was also used to perform an analysis of molecular variance (AMOVA; Excoffier et al., 1992) to determine the manner in which genetic variation was partitioned within C. rubella of Miyakojima. For the AMOVA, -statistics were used to estimate the relative contribution of molecular variance at three hierarchical levels: among geographic regions ( CT ), among populations within a region ( SC ) and within populations ( ST ) and significance assessed by 10 000 permutations. For Tamura and Nei (1993) model of evolution [selected by the Akaike information criterion (AIC) using the FindModel web version of Modeltest (Posada and Crandall, 1998 ; available at http://darwin.uvigo.es/)] was utilized.
To estimate potential migration between populations of C. rubella, the web version of MDIV (Nielsen and Wakeley, 2001 ; available at http://cbsuapps.tc.cornell.edu) was utilized under a finite-site mutation model, which accounts for multiple mutations per site, nucleotide frequencies differences and transition/transversion biases potentially present in sequence data. For these calculations, three independent runs using identical starting conditions (M max = 50, T max = 10, length of Markov chain = 2×10 6 cycles, burn-in time = 5 × 10 5 cycles) were done with different random start seeds to check for consistency in the estimates. The M values with the highest posterior probabilities were accepted as the best estimates of migration rate per generation, as per Nielsen and Wakeley (2001) . Lastly, Mantel tests (Mantel, 1967) , implemented in Alleles In Space (AIS; Miller, 2005) , were performed to test for correlations between geographic and genetic distance (isolation by distance) and significance assessed with 10 000 permutations.
Tajima's D (Tajima, 1989 ) and Fu's F s (Fu, 1997) tests were also conducted in DnaSP to determine whether in C. rubella patterns of mitochondrial COI sequence variation were consistent with predictions under the neutral model of evolution. In the absence of selection, both methods can provide potential information on the recent demographic forces affecting a population (bottlenecks or expansions: Tajima, 1989; Fu, 1997; Akey et al., 2004) .
RESULTS

Genetic Diversity and Parsimony Network Analyses of
C. rubella on Miyako-jima Direct sequencing of mtDNA COI amplicons yielded a 630 bp fragment from each of the 61 C. rubella individuals included in this study. From these, 24 unique haplotypes were identified (Table 1) and deposited into GenBank under assession #'s JF926126-JF926149. Of the 24 haplotypes recovered, 11 occurred as singletons while the remaining 13 were sampled more than once. One hundred and twentyone (19.2%) of the 630 bp analyzed were found to be variable across haplotypes and 117 (18.6%) of these were parsimoniously informative. Translation of the nucleotide sequences into amino acids found no stop codons and while the majority of substitutions were 'silent', one was found to be non-synonymous, with the resulting change to an amino acid with similar biochemical properties (data not shown). This implies that all sequences were derived from mitochondrial copies of COI and not nuclear copies of mitochondrial derived genes (numts; Lopez et al., 1994) , which can be common in arthropods (Buhay, 2009) . Overall nucleotide and haplotype diversity indices were similar for all populations (Table 1) .
Parsimony network analysis of the complete COI sequence data set produced two discrete networks (Fig. 2) . One corresponded to 'long rostrum' (5.06 ± 2.4 mm, n = 5) C. rubella and consisted of four haplotypes and nine individuals. Eight of these nine individuals were collected from ANA2, while one individual was obtained from ANA1. The second network represented 'short rostrum' (2.55 ± 1.19 mm, n = 53) C. rubella and encompassed 20 haplotypes recovered from 52 individuals collected at the ANA1, BUT, ZUZ, and TAG sites (Fig. 1) . Uncorrected (p) distances among haplotypes within each network ranged from 0.20-1.7% while the p-distances between haplotypes in the two networks ranged from 16.3-17.5%.
Population Structure, Migration, and Demographic Analyses of C. rubella on Miyako-jima Eight of the possible ten pairwise comparisons revealed significant genetic differentiation between the examined populations of C. rubella. For example, the two close proximity populations of ANA1 and ANA2 exhibited structure approaching the maximum limit of 1.0 ( Table 1 ), implying that nearly no individuals are exchanged between these caves despite being separated by <20 m (the exception being an apparent dispersal event by a single individual from the ANA2 to the ANA1 site; see above). Along with this, the ANA2 ('long rostrum') population exhibited similar and significant genetic structure relative to all other populations of C. rubella on Miyako-jima (Table 2 ). Due to the large genetic divergence of the ANA2 population as well as its occurrence at only a single site, ANA2 was excluded from subsequent comparative analyses. For the remaining populations of 'short rostrum' C. rubella, significant genetic differentiation was observed between sites separated by >10 km (northern sites compared to southern sites, Table 2 ) while no significant genetic differentiation was found between populations separated by <5 km (among northern or southern sites, Table 2 ). For the AMOVA, populations were grouped by geographic region (northern and southern) based on their proximity to one another. In this context, the AMOVA identified a significant amount of genetic variation as partitioned within individual populations (73%, ST = 0.273, P < 0.001) while a large, but non-significant component of genetic variation occurred between geographic regions (25%, CT = 0.250, P = 0.319). Likewise, the partition of genetic variation among populations within each region was not significant (2.24%, SC = 0.030, P = 0.169).
To assess potential migration (M) between populations, estimates were generated via MDIV in a pairwise fashion for 'short rostrum' C. rubella (Fig. 3) . For populations in close proximity to one another (<5 km; ZUZ-BUT and ANA1-TAG; Fig. 3A and B) , plateaus in the posterior probability distributions of M were readily apparent, implying high migration between these sites and consistent with the lack of genetic structure between them (see above). In contrast, populations separated by geographic distances of ∼11-13 km possessed discernable peaks in their posterior probability distributions of M, indicative of lower levels of migration. For example, estimates of M = 0.9 and M = 0.6 were recovered for comparisons of ZUZ/ANA1 and ZUZ/TAG (Fig. 1, Fig. 3A) , respectively. A similar result (M = 0.7) was obtained for BUT and TAG (Fig. 3B) while the estimate for BUT and ANA1 (∼11 km) was higher (M = 2.5; Fig. 3B ). Additionally, the Mantel test identified a significant correlation between the genetic and geographic distances of populations (r = 0.255; P < 0.001), further supporting haplotypes while a rectangle represents the haplotype with the highest outgroup probability according to the analysis. The size of circles and rectangles are proportional to the frequency at which a specific haplotype was recovered. Despite variable lengths, each branch implies a single mutational difference between haplotypes. the conclusions derived from MDIV. Taken together, these results suggest that isolation by distance drives the genetic structure of 'short rostrum' C. rubella on Miyako-jima, with dispersal occurring over short (<5 km) geographic distances but decreasing with increasing distance between populations. Lastly, both Tajima's D and Fu's F were not significant for any of the C. rubella populations examined in this study (Table 1) .
DISCUSSION
Contrary to the proposed hypothesis, most populations of C. rubella of Miyako-jima exhibit significant genetic structure Fig. 3 . Posterior probability distributions of migration rates (M) between populations of Caridina rubella on Miyako-jima, Ryukyus, Japan. Presented posterior distributions are the averages of three independent runs with MDIV (Nielsen and Wakeley, 2001 ) (see text for additional details). Panels A and B represent all possible pairwise comparisons between populations of 'short rostrum' C. rubella and are presented as two graphs for readability.
across scales ranging from <20 m to >10 km. Along with this, deep (∼17% p-distance) genetic divergence correlating with distinct variation in rostrum lengths was identified between closely situated, but more-or-less completely isolated, populations of this anchialine atyid "species". The significance and implications of these results are discussed below.
Morphological and Genetic Differentiation in C. rubella of Miyako-jima
The relatively high (∼17% p-distance) genetic divergence, along with the ease of visually distinguishing 'long rostrum' and 'short rostrum' morphotypes, implies "C. rubella" of Miyako-jima is actually comprised of two species. Here, the 'short rostrum' morphotype aligns with the original description of the species established by Fujino and Shokita (1975) and suggests that the 'long rostrum' morphotype represents either an undescribed species of Caridina or an already described Caridina sp. not previously recorded from the anchialine habitats of Miyako-jima. While additional morphological studies are required to distinguish between these possibilities, the restricted distribution of the 'long rostrum' morphotype to just a single site on one island should be taken into consideration when developing conservation and management strategies for "C. rubella" and anchialine habitats on Miyako-Jima and the Ryukyus in general. Although the exact factors leading to the spatial segregation of 'long rostrum' and 'short rostrum' morphotypes have yet to be determined, several hypotheses can be proposed that might explain such a pattern. First, despite being found in close proximity to 'short rostrum' C. rubella, the 'long rostrum' morphotype may be physically restricted to the ANA2 pond due to the geologic characteristics of its particular habitat. Compartmentalization of hypogeal water systems by underground barriers has been shown to be a strong isolating mechanism over short distances for anchialine fauna in the Hawaiian Islands (Santos, 2006; Craft et al., 2008) and may play a similar role on Miyako-jima. If this is the case, studies incorporating isotopic tracer methods (Scholl et al., 1996) could help determine the extent to which the anchialine habitat at ANA2 may be physically disconnected from the rest of the subterranean water system of the island. Second, the nearly complete isolation of the 'long rostrum' morphotype to ANA2 could be due to slight, but significant, differences in reproductive traits. For example, small variations in egg size have been shown to strongly correlate with distinct levels of population structure in other Caridina spp., with large-egged species having more pronounced structure (Page and Hughes, 2007) . Thirdly, the two morphotypes could be segregating due to one or more ecological factors, such as dietary differences, other resource partitioning and/or competition. Thus, additional studies designed to specifically test these (or alternative) hypotheses are needed as they may help clarify the biology and taxonomic status of "C. rubella" on Miyako-Jima.
Population Structure Among 'Short Rostrum' C. rubella of Miyako-jima
The isolation by distance revealed here for 'short rostrum' C. rubella was unexpected given the fact that this atyid possesses life history traits conducive to dispersal (see Introduction). For example, C. rubella produces planktotrophic larvae and this reproductive mode is typically thought to contribute to higher connectivity and less structured populations in marine environments due to the ability of larvae to feed and delay metamorphosis while dispersing as plankton (reviewed by Palumbi, 1994) . Such a scenario apparently holds true for other anchialine species like the neritiliid snail Ner- itilia cavernicola and alpheid shrimp Metabetaeus lohena Banner and Banner, 1960 , both of which are planktotrophic and exhibit little to no genetic differentiation, presumably due to high gene flow, over ranges of ∼200 km in the Philippines and Hawaiian Islands, respectively (Kano and Kase, 2004; Russ et al., 2010) . Likewise, amphidromy, defined as the active or passive movement of larvae from freshwater taxa to estuarine or marine areas for development before migrating back to adult freshwater habitats, is also thought to facilitate long distance dispersal for a number of organisms, including many atyids (Page et al., 2005 (Page et al., , 2008 Cook et al., 2006 Cook et al., , 2008 Cook et al., , 2009 . Taken together, the basic predictions of these life history traits, particularly in their most general forms, are violated by the strong population structure of 'short rostrum' C. rubella from Miyako-jima. Although amphidromous species are thought to possess high dispersal potential, local selection for larval retention could be strong for such species if suitable adult habitat (anchialine habitats) is rare (Sponaugle et al., 2002; Strathmann et al., 2002) . Cases of local retention have been suggested for a number of amphidromous taxa, including gobies (Sorensen and Hobson, 2005) and snails (Haynes, 2000) as well as for the larvae of an amphidromous shrimp (Benstead et al., 2000) . In the case of 'short rostrum' C. rubella, retention of larvae in the aquifer system immediately below a particular anchialine habitat and/or in nearshore coastal waters may limit gene flow to local scales, ultimately leading to patterns of isolation by distance. Additionally, the strong population structure seen for 'short rostrum' C. rubella may again be a consequence of egg size (see above). Despite 'short rostrum' C. rubella possessing relatively small eggs (∼0.52 mm; Shokita, 1979) , this value falls within the range of other Caridina spp. with significant genetic structure between populations in relatively close proximity (Page and Hughes, 2007) . Taken together, the local retention of larvae coupled with relative egg size may limit dispersal and contribute to the patterns reported here for Miyako-jima's 'short rostrum' C. rubella populations.
Another potential factor influencing the population structure of 'short rostrum' C. rubella may be the strong oceanic currents circulating past the island. Specifically, Miyakojima separates two western boundary currents of the North Pacific Subtropical Gyre: the Kuroshio Current of the East China Sea to the west and the Ryukyu Current to the east (Jin et al., 2010) . In this context, mesoscale hydrographic features of these currents (fronts and eddies) may act as mechanisms for larval retention, thereby limiting dispersal of species with otherwise high dispersal potential (Sabatés and Olivar, 1996) . For example, dynamic interactions between the Kuroshio Current and shelf waters of the East China Sea have been shown to prevent offshore larval fish dispersal (Okazaki and Nakata, 2007) . Alternatively, the strong Kuroshio and Ryukyu Currents may quickly sweep larvae offshore and away from the island, in turn limiting successful dispersal of 'short rostrum' C. rubella around Miyakojima and producing a similar pattern of isolation by distance.
Underground Dams and Conservation Aspects
Approximately 57% of the total land area of Miyako-jima is utilized for agriculture (field crops and animal husbandry). Thus, like most oceanic islands, freshwater is a valuable resource and commodity. The annual rainfall for the island is ∼2300 mm, but in the past the majority of this drained through the porous limestone of the island and either contributed to groundwater resting on the impermeable layer of clay that makes up the structural foundation of Miyako-jima or flowed out to sea (Wisniewski, 2004) . To further develop groundwater resources for agriculture, the Japanese government implemented construction of two major subsurface dams (Ishida et al., 2003) in 1987 to simultaneously prevent groundwater from flowing into the sea while raising levels of the underground aquifers to facilitate water extraction by pumping (Fig. 1B) . This project was completed in 2001, with a total capacity of ∼20 000 000 m 3 and providing up to 50 000 m 3 of freshwater per day, making it one of the largest subsurface dam systems in the world (Ishida et al., 2003) .
Given the novelty of subsurface dams, little is known regarding the biological impacts such structures may have on aquifer-associated organisms like those endemic to the anchialine ecosystem. However, the ecological consequences of surface dams have been well documented, including dramatic changes in sedimentation, channelization, flooding and temperature regimes (Proff and Hart, 2002; Hall et al., 2011) . Similar effects have already been reported for the subterranean dams on Miyako-jima in the context of overall water quality (increased temperature, depositional rates and dissolved inorganic carbon; Kano et al., 2007; Ishida et al., 2011) due to significant alterations in both groundwater flow and levels. Thus, such alterations could have negative impacts on the already threatened C. rubella of Miyako since increased sedimentation and flow rates have been shown to reduce habitat suitability and alter community assemblages in other carideans (Iwata et al., 2003) . However, one direct effect of dams and other impoundments is habitat fragmentation via the erection of artificial barriers. For aquatic organisms in general, such fragmentation can decrease access to suitable habitat, restrict long distance dispersal events and impede seasonal and/or reproductive related migrations, all of which (among others) can contribute to the extirpation of populations (Dehais et al., 2010) . For amphidromous species like C. rubella, habitat fragmentation due to dam construction and water withdraw is of particular concern as it can result in a reduction or loss of connectivity between larval (marine) and adult (anchialine) habitats (Cook et al., 2009) . In this respect, these underground dams should be recognized as possible (and formidable) barriers to the amphidromous life cycle of C. rubella that may impact the long-term viability of the "species" on Miyako-jima in multiple ways.
